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SUMMARY

Results are nrecsented of en 1lnvestigation of a full-
scals horlzontel tall surface to determine the elevator-
fabrlc deflection at Ligh s»eecs ana the merodynamic
eflects of the fabrlic deflection. Two fabric-covered
elevators, dlffering only in rib spacing, and a solid
wooden elevater were tested. The flrst elevator had a
rib spacing of anoroximately Il inches. The socond ele-
vator had a v»ilh snacing of as~rcximately 8 inches, which
ls ricre nearly tynical of the spaciug currentlr used.
Teste were carried to a maximum Mach number of 0.543
except fer model conflguretlio-ns for winlch the maximum
alioweble loads were reachked at lower sneeds.

No anpreclahle fabric doflectliors occurred for the
elevetor with lj-inck rib spacing. A maxirum febric bulge
of 0.6 inch between ribs was messured for ths elevator
with 8-inch rib spacing at a Mech number of 0.55, an
elevator angle cf -5.7%, and an angle of attack of 9.7°.
Locel failures cf the fabrlc attachment to the elevator
ribs occurred. Py moving the elevator vent holes frcm
the vicinlity of the tralling euge to the leading edge,
the bulgze was ellminated fcr these test conditions et
the exnense, however, of some incrsase in febric denres-
eglon on the nressure side of the slevator.

Marked 1increases in the elevator hinge-moment coef-
ficlents occurred as the test Mach number was increased.
For the elevator with ! ~inch rib spacing the hinge-moment
paranmeter Ch5 (rate of change of hinge-moment -coef-

ficient with elevator deflectior) increased from a value
at low speed of ~0.005 to & value of -0.009 at a Mach
number of 0.68. The effect of fabric deflection for the
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elevator with E-inch ridb spacing caused an additional
adverse increment in hinge-uoment coefflclient as the
speod was increased. The effectivensss of the elevator
with li-ineh rib snacing did not change approcisbly with
ilach numver. As a result of fabric deflectlon, hovever,
ne efrectiveness of the elevator with 8-inch rib s“acing
decreasos sharyly at Kack numbers above 0.556. The adverse
efiect of fabrilc deflecticn on elevator hincev nioment was
docreaced sli htly by locating the vent holss in the
lcadin; ed-z ratuer than at the traillling ed e of the
elavator,

IHNT0DUCTION

Tests woere made to detormins tho effects of slevatore
fabriz ceflectlonz et high aneeds snd of compressibillty
on thu serodynanic charecteristics of a full-scalc hori=-
Zzontal tail svrfacc, +Yhe nueesaity of sucn &n investi-
gation has been deronatratoed by the excesesive and lrrasmu-
lor alare =morents cncommterad during high-spued meneuvers
ané by numsrous Iinstainces of conitirol-surface fellwme on
sone of tha riore recoeni Lilifsh-spesd alrnlanias eguipped
with Jrbric-covered countrol curfacesg,

The present TEDOT #iver the results ol toests on
thres clevabors with idcntic.) external dimencions. —le-
vubors 1 and £ wsere fahiric ~overnd, iad 11H snacings of
approririatzly |} and 8 *rnehos, respcctively, rnd were used
to debermine the 1ebiic de”lection, 'The taiid eluveator
was maie of solid ranngeny, Included twro rows of pressure
oriflces, and we3 used to latermine the oxtuinal pressure
distiribution. fach elrwatar es testel turouun rangeu of
ilach number of 0.2 to 0. 6g, o1evauor angle of 99 -1°,
and stabilizer angle of (9 to 9°., esic of any corbl-
nation ot the aforementlonod var;ables vers limlbod wr
the maxirum allowvatle loads, In cécdltlon, 2ievator 2 wes
tested with the oripinal vsnia sernled znd veats at tho

lcading edge or at 10 nercent elcvator chord c, to

deteimiineg the offect of vent locatioa on fadbric deflsction,

The t9sts were conductcd et the Langlsy lé-foot high-
speed tunnel, Langley ilemoriel Aoronaasical Leboratory.
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COEFFICIENTS AND SYMBOLS

Cp dreg coefficlent (D/q8)

Ch hinge-moment coefflclent (H/hEezb)
Cr, 11ft ccefficlient (1/qS)

Cm pitching-monent coefficlent \—§%4E
D drag of entire model

B hinge moment

L 1ift of entire model

Mc'/h pitching moment esbvout quarter-chord noint of
' mean serodynam'c chord

b spen,feet
c chord of horlzontal tall surface except when
deglgnated othierwise by subscript, feet
c! mean serndyramic chord of horizontal tail
T root-rmean-aquare cf elevator chord behind
hinge line
1.2
q dynamic prersure EDV
o mess denslty of "alr, slugs per cuble foot
v veloclity, feet per sacond
g total model aresa,-square feet
M Mach number
P pressure coefficient (% - p)
P statlc. oressure at any point
a angle of "attack of stabllizer, -degrees
6 angle of elevgtor chord with respect to

stablllizer chord, degrees

ca CLg
35 elevator-effectiveness parameter o
. Lq
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Paresmeters:
oCy,
Cr, = <—
a 60- 5
OCL
C = —
Lo (aa a

cha

<’3 Ch>
ca 5
_{%Cn
o = <_a?>
a

The subscripts outside the parentheses represent the

factors held constant durlng the measurement of the
parameters.

Subscripts:

b balance

e elevator

£ flap (elevator + balance)
1 internal

o free stream

APPARATUS AND METHODS

Test model.- The model was a full-scale left-hand
horizoi-ul tell surface of the ¥B2D-1 alrplane. The air-
foll section used was based on the NACA 0020-olf airfoil
profile modifled to have a maximua thicimess ratlo of
10.7 percent and a straight taper vehind the 63-percent-
chord station. Since a semlspan model was used, 1t was
necessary to locate the centsr line of the alrplane in
thes plane of the tunnel wall to produce alr-flow con-
ditions corresponding to thoss of flight. Thils result
was accomplished by adding a 20.5-1nch stub wing to the
tail surface. Flgure 1 shows the model installed in the
tunnel and filgure 2 presents the physical characterlistlcs
of the modsl.
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The stablllzer was metal covered and Included a
fabric seal  to prevent air from flowlng between the rear
part of the stablllzer and the elevator leading edge.

(See flg. 3.) The model was not aerodynamlcally smooth.
Brazler head rivets, access and lnsmection doors, and
considerable waviness characterlzed the stabllizer surface.

Zach #levabor had a modified elliptlcal nose and a
stralght teper behind the hinge llne ending in a trailing-
edge angle of 12°., The coordinstes for the elevator con-
tour are presented in ficure 3. Elevators 1 and 2 were
of metal construction and faebric covered. Dztalls of the
rib lccatlions are shown in figure li. The average rib
snaclngs are approximatzly L and 8 inches for elevators 1

eand 2, respectively. Both elevators had one 2-inch-

dlamcter ¢frain hLole in each elevator nanel on the lower
surfece arnroximately 1 Ilnch frcm the elevetor trailing
edge. 3Sluce epuch elevator oanel had ons hicle, these
ooenirgs also served ag alr ventes. Tlevater 3 was made

cf 3clild mehoguny and was dimensionally cqual tc ele-
vators 1 and 2. Two rows of niressure orliflces on the
upner and lewsr surfaces, %% and 7N 1lnches from the longl-
tudiral centar line of the alrplane, were bullt into this
elavetor.

Einge-moner.t mecsurerent.~ Flgure 5 1s a schematlc
view o the mocdel installation end illustratoes the
annaratus ussd tc measuro the elevatcr hlnge moment.

This skstclk shows thne extended elsvator torque tube
passing throush a hole iIn thz side of the tunnel end into
two self-alining besrings mounted on the tunnzl balance
frame. The elevetor ringe moment was transfearred through
thoe elevator torqusa tuvbe to a 1lC0-1nch crark and then
through a Jeckeocerew to the scale pnlatform. The Jackscrew
was also used to vary the elsvator angle. The platform
ecale was ettachked rigidly to the tunnel belance frare
end, since all cther reliated parts were also attached to
the turme? balance frame, rPlnge-moment measurements could
nct intsrfers with the mcacsuroments of 1ift, drag, and
pltching riomant. All force and momnent data were recorded
slmiltaneovsly.

Fabrlc-deflection mecsurements.- Strilpes 1-inch wilde

were palnted chordvise oa Lot surfaces of the fabrlc-
covered alevators to permlt thne mweasurement of the fabrilc
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deflection. (See fig. 1l.) £Solid stripes were palnted
over each rib and broken stripes midway between the ribs,
on the upper and lower surfaces. These stripes are
straight and parallel for the static conditlon (see fig.é)
but because of alr loade the fabric deflects &and the
stripes tend. Cameras in flxed posltions were provided

to photograyh the elsvator surfaces simitaneously and
thus provide records of the febric deflectlion. Lhe
deflectlion of the palnted stripes was meassured from
enlargcmencs of tie photogru,tl.s.

Febrlc-tension mcasvrements.- The fabric tension for
each elevafor panel was mearsured with an instrument
declgned by the Flight Resecrch Dlvision of the Laboratory.
L Cetalled description of tie insfrunent and the teclinlque
of mneusureuent are given in reference l. Tre fabric
tensions wWere .aeusured tefore and eafter the tests to
deterwmine any chan.c in rabric tension resulting from
repeated streszes tnal were applled to the febric Guring
testinge Table I presents a sun:iary of tic aneasurexents
and incélcate:z: thet the crange in favric tsnesion for ele-
vator 1 1s within tre accuracy of the measurewsents.
Elevator 2 kad a slightly lover febric tension after
testing, but thie dii'ference may te a temperature or
humidity effect.

Pressure .ncasirements.- The prescure dicstribution
over iLe elevafor wu: obtained witl elevator 3, which
contained twvo rowve of orifices. The external pressures
over the upper surface of the stabillzer were obtalned
by the use of two precesure belts located at the 33-inch
and 70-inch stations. All =stations were measurec in
inches from the longitudinal center line of the airplanee.

Two J3.050~-inch-dlameter tukes were 1lnstalled in ele-
vetors 1 and 2 at the L7-inck and 97-inch stat.ons to
measure the elevator internal pressure.

TEST PHCCEDURE

The .eneral procedure 1n conducting the tests wes
to set tie Cesired angle of attuck and elevator ansle at
the beginniny of each test. Dete were then recorded at
esch of tne followin, speeds: Yach number = J3.20, D.35,
045, 0.50, 0.55, 0.60, 0.65, ard 0.66 or until the
maximum alloweble load on the tuall surface wuas attained.
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The stabllizer root angle remained flxed during the tesdt.
The elevator root angle was measured and recorded at. each
test polnt, since 1t varled slightly because of twist of

- the torque tube and deflection of the scale platform.

The angles of attack and elevator angles are belleved to
be accurate within +0.1°.

REDUCTION OF DATA

Force data.- The 1ift, drag, and pltching-moment
coefficients presented 1n this report are based on the
wing area of the comnlete model (see fig. 2) including
the stub wing. All cdata were taken with the elevator
seal in, the elevator vents at the trailing edge, and
the trim tab neutral, unless specified otherwise.

The force data were corrected for tunnel-wall
effects by the use of the reflection-plane theory giveh
In reference 2. The model- thickness was such a small
part of the tunnel dlameter that tunnel blockage correc-
tions were negliglble. Since the elevator torque tube
could twlist and the scale platform deflect, the elevator
anglic “changed with hinge moment. Callbrations of the
twist of the elevator torqueé tube and the deflectlon of
the scels platform wlith elevator hinge moment were used .
to correct the indicuted elevator angles to actual angles.
The~ corrected data were cross-plotted and ths values at
seiected angles of attack and elevator ungle were then -
rlotiad agalusb Mach number. 8Since a large part of the
data presentsd 1s plotted against Mach number, figure 7
has been ircluded to show the average dynam!lc prassures
and the aversge Reynolds numbers corresvonding to the
test Mach numbers. The Reynolds number 1s based on the
assumed mean aerodynamic chord. of L.L1l feet. It snould
be mertioned that the changes which occur wlth sveed are
not puroe Mach numbar effects but lnclude effacts duie to
Glstortion ¢i the nodel under load. The effects shown
thearéfors arrly only to the particuler combinatlion of
dynamic prescsure and Mach number tested herein. The
results, however, are plotted against Mach number, and
the dynamic pressure at any Mach number may be: ebtained
from fiRure 7.

Fabelc dzflsetion.- A special film viewsr was used
to enTarge thé protograpohié negatives of the elevator
surfaces. Vertical scales were attached to the elevator
surfaces at each broken stripe and photographed for all
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model configurations to obtaln films of the statlc condltion
(zero ceflection).. A quantitative measure of the fabric
deflectipn was obLtained by comparing a ghotograph for the
static conditilon (zero deflectlion) with one made during

a test. The dieplucement of any stripe was then measured
and recorded.

RESTLTS &ND DISCUSSICN
IFabric Deflection

Elevator l.- Figure 8 is a photograph of the fabric
deflection on the uprer surface of elevator 1 (L~-inch rib
spacing) at a = 0°, = 1h.29% and M = 0.66. The febric
deflection is not apureciuble at any polnt slong the ele=-
vator except for a small bulge occurring near the 1nboard
hinge. No cther photographs are shown for thils elevator
because tie favrlc deflecticon was not serious during any
of the tests with tidis clevetor.

Elevator 2.~ Fisure 9 13 a photogrash of thLe fabric
deflection of both qurfacef of ¢levator 2-(E=inch rib
spacing) at a = 09, = 3.3°, and M = 0.55., Conside
erable .bulge occurred on tke top surface behind the hinge
line. Thle bulge cnanged to depression on the rear part
of the elevator. Since the fabric wac sewed to the ele-
vator ribs, the solld stripes should show no deflection.
A number of solid stripes, however, are deilected. (See
fig. 9(a)s) Deflection of the solid stripec indicates
failure of the fabric attachuent at.these points and 1s
the Leginning of a conditlon that would rezcult in complete
failure of the curfuce 1f the uir loacs were 1lncreased.
Figure 10 18 a photoéraph of .ti.e fubric deflectlion at

=39 &6 = -0.7° and # =.0.62. In general, the
upger surface .s slightl bulged just belind the hinge
line. The most serious bulge occurs at tie inboard Linge
and 1s belleved to ve a result of .week fabric attachment
around tune hinge-pocket cut-out rather then of local-
suction peak pressures. Fluure 10 ulso shows tl.e fakbric
pulled awey frou the ribs. (Note solid strlpes.)

Flgures 11, 12, end 13 are plots sLowing the vari-
ation of the fabrilc deflection witii percent of elevator
chord and include only the portion of the elevator chord
for which the fabric was deflected; therefore only the
end points of zero deflection are shown. These datu are
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for a representestive spanwise atation (77.l-inch station).
Rigure 11 presénts the fabric deflection for varlous Mach
numbers et elevator engles averaging -1.5° &and a-= 0°,
Although the elevator angle changed slightly (0.5°) with’
speed, 1t 1s spperent from figures 11 that increasing the
sneed increases the fabrilec deflectlion. The maximum
fabric .defilaction of the lower surfece hss been plotted
separately for each speed in figure 1l and shows that the
fabric deflection varles linearly with dynamic pressure

for elevatar 2 at @ =02 and & ~ -1.5°. rwigure 12
presents the fabric deflectlon for varlous slevetor engles
‘at ¢ =0° and M = 0.55. Increasing the elevetor angle
nogetively increeses the fabric bulge on the lower surface
winile the deflection of the upper surface changes from
bulpge to cdepnression. Figure 13 prosents the fsbric
deflection for varlous angles of altteck et M = 0.55

and ¥ = 0.53. Ths max!lmrm fabrlc Jdeflectlion attalned
during theﬂe tests wes a C. 6 ireh hulgs on the lower sur-
face of elevater 2 gt a = 7.99, & = =-%2,7°, and M = 0.55
(flg. 13).

Pressure distribution.- Febric bulge tends to be’
unstgble sIncc It cavses en 'ncrease in the lccal negative
pressures, which in turn cause an ircrearce 1n the fatric
balge. This adverse efiect is magniflied et hlgh speeds
ané has been observed to result In feilwre of the abrle
attachments to the elevater structure and flinally cocmplete
failure cof the fabric. An inveslitgetion to determine the
externgl pressure distribution over the elevators and the
locatlion of alr vents that would result In negstlve Inter-
nal pressures and a reductlion in clevator fabriec bulge
was therefore undertaken. Tlevetor 3, which wes dimen~
tionglly equal to elevators 1 end 2, was tested for this
purposs. )

The tests of clevator 3 indicated that the pressure
distributlons et the 33-inch and J0-1nch stations were
very nearly the same on the. elevater but differed appre-
clably necer the stabilizer leading edge. Thls difference
may be attributed to surface lrresulerlities. Removing
the elevator sesal Increased slightly the positive nres-
sures on the lower surface of the elevator balance erea
for positive elevator angles but had little effect on’
the pressures over the other portlons of the elevator.
Tho extoernal oressuré distributions at M = 0.20 and
the 33-inch station for ikree elevator angles are pre-
sented in figures 15, 16, and 17 for a = 0°9, 39 and
6°, respectively. These flgures indicate that ven+s in
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both the upper and lower surfaces at the elevator leading
edge or at approximately 10 percent of the elevator chord
behind the hinge line c¢g will result in negative average
internal pressures. Although the average pressures at’
these polnts are not the most negative, they are consist-
ently negative and are least affected by changes 1ln ele-
vator angle. .

Effect of verlonus vent locstions for elevator 2.-
The original elevator vents were sealed, and the elfect
on Internal pressure and fabric deflection of the elevator
es a result of locating a vent in each elevator panel at:
the leading edge or at 10 percent ol ¢ on the upper
and lower surfaces was determlined. The variation of the
internal pressure of the elevator with elevator angle 1s
presented in flgure 18 for three vent configurations. A
comparison of these curves shows that the average internal
pressure coefficlent Py for the original vent configu-

ration is chenged from -0.02 to -0.08 for vents at 10 per-
cent of ce and to -0.2% for vents at the elevator leading

edge.

Figure 19 presants quantitative comparisons of -the
fabric deflection along the elevator chord for the three
vent lccations et a = 0%, 8 =1°, and M = 0.55. The
maximm bulge on the upper surface is reduced from
C.4 inch for the original vent configuration to 0.2 inch
by using vents at 10 percent of cg &nd to 0.26-inch
depression with vents at the elevator leadling edge. No
measurements were made for the lower surface wlth vents
at 10 percent of cg but visual observation Indicated

that the fabric was depressed for this condition, as
would be expected. . ' .

Figure 20 1s a photograph of the fabric deflectlion
with vents at the elevator leading edge for .a = 09,
& = Lb°, and M = 0.55. Comparison of figures 20 and 9
shows that the upper-surface bulge 1s changed to depres-
sion with vents at the elevutor leadling edge, except for
a small local bulge at the upper surface nesar the inboard
hinge. It is apparent from figures 19 and 20 that loca-
tion of tho vents at the elevator leading edge willl :
eliminate the danger of the fabric pulling loose from
the rits and failing for elevator angles up to at least h°.
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~Asrodynemlc Characteristlics

Baslc data.- The 1lift, drag, pitching-moment and
hinge-moment coefficlents are plotted agalnst Mach number
In figures 21 and 22 for elevators 1 and 2, respectively.
These data &re presented for a = 09, 30, 6°; and 99, and
e maximum renge of- 8 = 6° to -9°: The fact that the - Cf,

Cm, &and On, .values for a =0° and 8 = 0° are not
zero 1s due 'elther to asymmetry of the model or to amall

errors in setting the neutral angle of ths stabilizer,
elevator, or trim tab. L. )

The increase in the 1ift or pitching-moment coeffl-
cilent with Mach number for both elevators 18 less than the

increase vredlicted by Glauert's factor (1 - u2)~ -1/2

Thls difference 1s belleved to be a result of the twisting
of the stabllizer and elevator toward their zero angles
due to the eerodynamic loads. The drag-coefflclent
curves show the usual large lncreases ln the vicinlty of
the critlcal Mach numbers. The cdata show pronounced
Increases in elevator hlnge-moment coefflclent with
increusing Mach number. Integration of the elevator
pressure-dlestribution dlagrams showed lncreases of approxi-
mately the same magnitude. The rate of lncrease of hinge
moment with Mach number wes more than twlce as great as
would be vredlcted by the use of the Glauert factor. In
&general, tlhe changes 1ln the aerodynamic coefficlents wlth
Mach number were gradual and conslstent. The. critical
Mach nunbers for the varlious model conflgurations could
not be greatly exceeded 1ln these tests and consequently.
the abrupt and drastlc changes that have been noted in
tests of small models at hligh supercriltlical speeds were
not encountered.” The only indlcation of such changes
occurred for elevator 2 near the highest test speeds.
(See figs. 23 and 2.)

Variation of 1lift with a and 6.- The variation
of the IIft-curve-slope parameter Cr,, with Mach number

for elevators 1 and 2 1s presented in figure 23. The
slopes were measured from plots of Cr agalnst a 1in

the region of a.= QO to 3°. The vaiueé at low speed
of CL, &are conslderably lower than the value estlmated

from two-dimenslional data for a wing of this section and
plan form, princlpally because of the dlscontinulty of
the airfoll contour ut the stabllizer tralling edge and
the elevator leadling edge.
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The crange in CL5 with Mach number for elevators 1

and 2 1s shown in figure 2l and indicates good agreement
bgtween the twc elevators at low speeds. For elevator 1, .
Cr, Increases graduelly with speed. At the maximum Mach

number attainable (0.68), the data  indicate that Cr,
-was beginning to decrease.: The varilatlon of CL6 ;th

Mach number for elesvator 2 lndlcates a marked adverce
effect of fabric deflection at Mach numbers above 0.60.

Elevator effectiveness.- The vériation of the elevator-

effectiverness perameter with liach nurber 1s shown in
figure 25 for elévaters 1 and 2. The curves shcow a esmall
decrease in effectlveness as the sneed 1s 1lncreased from
M =0.200 to M = J3.45. Beyond Mack nuwubers of 0.L5 the
effectiveness For beth elevators increases. The effec-
tiveness of elevator 1 is still 1ncreasLng at- M = 0.68
but fells off sharnly beyond values c¢f M = 0.56 for
elevator 2. Since elevatcr 1 had nogligible fabric
deflecticn end elevator 2 had serlous fabric deflectlon,
the adverse effect skown is a result cf fabric deflectlon.
The theoretical effectlveness for a plaln flap -hinged at ~
1ts leading edge hac bteen computed according tc the thin-
"alrfoll theory (see refeience 3) dnd 1s shown in figure 25.
The' actual elevator effectlveness 1s approximately 71 per-
coant of the thecretlical velus for a plain flap at mocerate
speeds,

Pitckhing rmomont.- The varlatlion of tre piteching-
moment purameuer dCpm/eCy, wlth Mach number is shown in

figure 26 for elevators 1 and 2. The-value of this
parametbr is anproximately the posltlon of the aerodynamic
center of the airfoil With resrect to the quarter-cherd
point of the assumed mean aerodynemic chord- (Pig. 2). ,
The ckange 1n the center-cf-1ift positlon causecd by-ele-
vator deflection 1s glvon bty the paremetcr (écm/ﬁCL)a.
The varintloa of thig paremeter with Mach number was
about the same for beth elevaters; thet 1s, the center

of 1ift wes shifted rearwerd. The chengs 1n the center- |
of-11ft pcsitlon cansed by angle of sttack is given by
the oarﬂmeter (0 m/aCL)a' Increasing the Mach number

caused a grcater increase in thils perameter for ele-
vator 2 than fcr elevator 1, probably as a result of’ the
fabrlic deflection on elevator <.
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-

Linge moment.- The. change in Ch .with Mach number

is.shown. _ln filgure 27 for elevators 1 and 2.. In general,
the.agreement of the :data.for the two elevators is good,
although an almost constant small difference exists

between the values ‘for the two ‘elevators.. Small differ~
ences In contour between the two elevaters could cause

this differences. The small low-speesd valué of ch (-0.001)

decreased about 70 percent bstwaen ‘M = 0.20 and M 0.50,

* The va;i&tion.of Chg - with Mach number 1s skown in

figure.28. TIarge lncreases in the negative values of
Chg occurred wlth increasing speed for elevetors 1 and 2.

The value of Chpg for elevater 1 (L-irch rib spacing)

increased from -0.005 to -0.009 between M = 0.20 ard
M = 0.68. The difference betwsen tha low-speed values
of Chg for the two elevators is bslleved .tc be csused

by minor physical differasnzes such as a small burm that
oxlsted on the udner surface of elcvater 2. This bump
was 5 5 percent of the elevator thickness, was located
6.5 percent of the total elevater chord from the nose,
and tanered tec zoro at the cleveter leacding céga and at
the hinyc line. Filgure 28 also shows curves for elevators
having zero and 100-p*rcent serodynemic balance. The
curve for zero aerodynamic balancc was celculeted
according to thin-airfoil ‘heprj (reference 2) for a
plaln fiap hinged at 1ts leading edge. Flevator 1 had
50—percent aerodynamic halance at M = C.20 but, because
ol the advsrse Mach number erffects, the btalance was
reduced to 8 percent at M = 0.58. ‘The ccntrol forces
requlred for such ar elevetor would thus anproach those
that would be obtairned with an ordinary unbalenczd flap,
whon 1t is assumed that the valvc of (Cp for such a
flap Goes not change with Mach number. In the ataence
of .boundary-leyer chenges, 1t might loglcally be -assumed
that the ‘elevator hinge moment would inocrease with speoad
accordinp to Glauert's factor. The low-spead value has

-=1/2
- been 1ncreassed according to this factor (1 - Mz) _
end the data are plo*ted in fT.~are zlL. A comparison of the
two curves shows thet the rete cf increase in Chg With

Mach number 1s about double the rate of increase pre-
dicted by Glauert's fector. Elevator 2 had L3-percent
aerodynamic balance at M = 0.20 but zero asrodynamic
balance at M = 0.60. The 1lncresse in Chg 1s markedly
greater for elevator 2 than for elevator 1 beccuse

of the adverse effect of fabric dzllectlon., The
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difference In the lncreases of Cpgy with Mach number

for the two elevators appeers to be an effect of fabric
deflectlon, slnce fabrlc deflectlon was the principal
difference between the two elevators. Thls difference
1s plotted at the top of figure 28. The effect of fabric
ceflection on Cnp W¥was to cause an lncrease of -0.Cc02

from M =0.20 to M = 0.,60. This increase was about
j0 »ercent of the low-speed value of Cpng for the ele-

vator tested. An 1lncrease of thls maegnitude would be
still moro serious for a hlghly btalanced tall surface
for wkich the lnitilal ch6 might be of the order of -0,001.

Effect of vents on hinge moment.- As was shown in.

figure 19, the fabrlec deflectlion varles with vent location.
The bvest 'vent leccaticn from a conslderatlon of safe fabric
deflection was found to be at the elevator leading

edge. Flpgure 29 shovis the variation of the .hinge-monment
coefflclent wilth elevetor engle, at M = C.55, for the
tlh.ree vent locations tested and with all vents sealed.

The deta presented In thlis flgure show that the vents
located at the elevator leadlng edge produced the smellest
value of Cpg. The beneficlal effect of vents mt the

leading edge (reduced internal pressure) is probably a
result of changing the astmmetrlcal- elsvator-surface
deflectlions, whilch resulted 1n apprcclable elevetor camber,
to more ynnet"ical ceflections wilth less camaer. (Ses
figz. 19 and referonue h.y

FPffect of elevatcr seal.- A limited amount of data
with the elevator sesal removed was obtainecd over a small
range of elavator angle at a = 09, These data Indicated
no appreclable effect of the seal on the elevator hinge
moment.

Tab effectlveness.- The-effectiveness of the elevator
trim tab through the speed range 1s shown 1in figure 350.
The data for a tab angle of -10° show a gradual decrease
In effectiveness wilth increesing speed - the ACh
decreasing from 0.0l at M = 0.20 to 0.CG30 at M = 0,65.
The effectiveness remelins approximately constant from
M=0.,20 to M = 0.60 for a tab angle of 8.8°,

CONCI.USIONS

An Investigation of the characterlstics of a full-
scale horlzontal tall with fabrlc-covered elevators at
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Mach mumbers renging from 0.20 to 0.63 hasg led to the
following.conclusions;

1. Elevator 1 (L-=inch rib specing) had no appreciable
fabric-deflection in the speed range of these teests.
Elevator 2 (8-inch rib spacing) had a maximum fabric
bulge of G.6 inch between ribs at a Mach numbher of 0.55,
an elevator angle of -3.7°, and an anzle of attack of 9.7°%
Local failures of the fabric attackment to the elevator
ribas occubred wilth elevator 2. . :

2« Vent holes lozated at the elevator leudlng edge
on either side of tlLe seal, rather than in ti.eir origlnal
position on.the lower surface near the trailing edgc,
eliminated the bvlage for & woderate range of elevator
engle at the expense, rLowever, of some lncrluce 1n fabric
depression on the pressure t£ide of ihe elevator.

3. Elevators 1 and ¢ proouczed verr large increaszes
in elevator rninge-uoment coefticlent as tle Jdach nuwker
was increased. Tie value of chﬁ (the =lope of the

curve of hinge moment azainst ¢levstor deflection) for
elevator 1 (4~inch ridb specing) lnerecsscd froa -9.005
to -0.009 between Msch nurbers of 0.20 to 0.68.

L« In sdditlon to tke incrcwmze in Lainge wmouent
resultiag fron Ilneruansing speed, elevetor 2 (b-1irel rib
epacirg) had an incresass in hLinge .mouent due to Lubric
deflection. The fabric deflectleon for tris clocvator
increascd the value of Ghﬁ by ~J.002 st a Much
numbAr of 0.60. Fuabric dcflo.ction alzo caused &n early
loss 1in elevator effectiveress., Elevator 1 amalntained
its effectiveness up to the maximum test spead (a Mauch
number of 0.68) but the erfectivensse cf clevutor 2
decreesed sharply at Mach nuxbers sbove 0,56.

5. The adverse effect of fabric deflectlion on ele-
vator hlnge momnent was decrecased slightly by locating
the vent holes in the leading odge rather than at the
trailing edge of the slevator.

Langley Memorilal Aeronautical Laboratory
Hatlonal Advisory Commlittee for ALeronautlcs
TLangley Fileld, Va.
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TABLE 1

ELEVATOR FABRIC TENSIONS

[Accuracy of measurement,

0.2 1b/in.] -

Test
condition

Tenslon

Upper surface

Lower surface

Max. Min,. Max. Min.
Elevator 1
Before testing | 7.4 6.3 8.6 6.8
after testing 7.6 6.7 8.8 T.6
Elevator 2
Before testing | 7.2 5.2 T:5 6.8
After testing 7.0 6.0 6.7 6.0

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure l.- General view of SB2D-1 semispan horizontal tail
installed in Langley 16-foot high-speed tunnel..
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Root-mean-square of elevator chord behind hinge lins... . . 1717 in.
Area of stabilizer . . . . .. .. .. ... ... .... 25221sq in
Area of elevator . . .. .. ... .. ... ...... 1905 sq in.
Tota! area of horizontal tail including stub section . . . 5741 sq in.
Area of tab . . . . ... . ... .. L., 129.58q in,
Aspect ratio . . . . ... ... .. o o o 4.0

(All dimensions shown are measured in the plane of the section and are
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Figure 2 -General arrangement of the horizontal tail surface.

in inches)
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Ce= 043¢

Hinge axis

/S1ruigh1 taper behind 0.63¢

Constant TE.
radius
127"

Fabric seal

Figure 3 ~ DETAIL OF ELEVATOR AND SEAL.

{0020-64 AIRFOIL MODIFIED TO MAXIMUM THICKNESS OF 1071 PERGENT.)

TE. angle = 12°

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

ELEVATOR
COORDINATES
Abscissa Ordinate

(percent c)

050 3.60
100 4.7
200 5.57
300 65l
400 7.20
500 7.73
6.00 84
800 87
10.00 9.02
12.00 9.6
14.00 9.2
16.00 8.97
2300 826
LE.Rad~0.88
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FIGURE 4 .—RIB SPACING FOR THE TWO
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ig.

FIGURE 5.- SCHEMATIC VIEW OF THE TEST SETUP.
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Figure 6.-

(a) Upper surface.

(b) Lower surface.

Static condition for elevator 2.
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Figure 8.- Fabric deflection of upper surface of elevator 1
(4-inch rib spacing). M = 0.66; a = 0°; 5§ = 4,2°; elevator
vents at trailing edge.
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NACA ARR No. L5FOla Fig. 9a,b

{a) Upper surface.

LMAL 38346 °

(b) Lower surface.

Figure 9.- Fabric deflection of elevator 2 (8-inch rib spacing).
M= 0.55; a = 0°9; § = 3.3°; elevator seal removed; elevator
vents at trailing edge.
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LMAL 38343

(a) Upper surface.

T :
* NACA,

L L EMAL 38344

(b)) Lower surface.

Figure 10.- Fabric deflection of elevator 2. M = 0.62;
a = 39; § = -0.7°: elevator vents at trailing edge.
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Elevator-fabric deflections, in.
o

0
-2

Figure 12 — The variation of the fabric deflection along the chord of elevator 2 at 77i-inch station for various

o —— Upper-surface fabric deflections
+ ——————- Lower-surface fabric deflections
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o—— Upper-surface fabric deflections

Lower-surface fabric deflections
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Upper-surface fabric deflections
Lower-surface fabric deflections
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Figure IS5 .— Pressure distribution of elevator 3 for three elevator

positions. @=0°; M=0.20; gap sealed ; 33-inch station.
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Figure 18 .— Variation of the elevator internal - pressure coefficient

with elevator

position. & =0°, M=0.20;elevator 2.
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Figure 19.— The variation of the fabric deflection along the chord of elevator 2 at 515-inch station for three
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NACA ARR No. L5FOla Fig. 20a,b

(a) Upper surface.

{b) Lower surface.

Fabric deflection of elevator 2. M = 0.55;
§ = 4°; elevator vents at leading edge.

Figure 20.-

a = 09;
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Figure 26 — Comparison of the pitching-moment parometers for
elevators 1and 2.
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Figure 27 — A comparison of the change in Ch, with Mach
number for elevators land 2; 4. = 0°.
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Figure 28 .— Variation of the hinge-moment parometfer
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